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(54) Electron-emitting device and method of manufacturing the same and display apparatus 
using the same 



(57) An electron-emitting device incfudes an elec- 
tron source layer (1 2) made of a metai, a metal alloy or 
a semiconductor, an insulating layer (13) formed on the 
electron source layer and a metal thin film electrode (1 5) 
formed on the insulating layer. Electrons are emitted up- 
on application of an electric field between the electron 
source layer and the metal thin film electrode. The insu- 



lating layer has at least one island region (14) which con- 
stitutes an electron-emitting section in which the film 
thickness of the insulating layer is gradually reduced. 
The electron-emitting device further includes a carbon 
region (40) made of carbon or a carbon compound on 
at least one of a top, bottom and inside of the island 
region. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an electron- 
ennittlng device and a display apparatus using the same, 
especially to a flat panel display apparatus in which a 
plurality of the electron-emitting devices are arranged in 
an image display array, i.e. in a matrix arrangement. 
[0002] As flat panel display apparatus, a field emis- 
sion display (FED) comprising field electron-emitting de- 
vices is known. One of the known flat light-emitting dis- 
plays uses a cold-cathode type electron-emitting source 
array in which heating of cathodes is not required. For 
instance, according to the principle of the light emission 
in an FED using a Spindt-type cold cathode, the light 
emission is achieved by drawing electrons out to a vac- 
uum by a gate electrode disposed apart from a cathode, 
and having those electrons collided with a phosphor ap- 
plied on a transparent anode in the same manner as a 
CRT (cathode ray tube) although there is a difference 
as the FED empioys the cold cathode. 
[0003] However this field emission source has a 
problem of low manufacturing production since It re- 
quires a large number of complicated manufacturing 
processes for the minute Spindt-type cold cathodes. 
[0004] There also are electron-emitting devices hav- 
ing metal-insulator-metal (MIM) structures as surface 
electron sources. One of such MIM-type electron-emit- 
ting devices has a structure comprising an Al layer, an 
AI2O3 insulating layer having a thickness of about 10 
nm, and an Au layer having a thickness of about 10 nm 
that are sequentially formed on a substrate as a cath- 
ode. When this structure is placed under a counter elec- 
trode within a vacuum, and a voltage is applied between 
the bottom Al layer and the top Au layer in conjunction 
with the application of an accelerating voltage to the 
counter electrode, then a part of the electrons from the 
top Au layer are emitted and they are accelerated and 
come in contact with the counter electrode. In this light- 
emitting device also, the light emission is achieved due 
to the electrons impinging on the phosphor applied on 
the counter electrode. 

[0005] However, the amount of the electron emission 
is not quite sufficient even with the use of such MIM-type 
electron-emitting devices. To improve this emission, it 
has been believed that it is necessary to reduce the film 
thickness of the prior art AI2O3 insulating layer by sev- 
eral nanometers, and to give further uniformity to the film 
quality of the ultra-thin AI2O3 insulating layer and the in- 
terface between the AI2O3 insulating layer and the top 
Au layer. 

[0006] There have been attempts to improve the elec- 
tron emission characteristics such as an invention de- 
scribed in, for example, JP-A-7-6571 0 employing an an- 
odization method in which the forming current is control- 
led to further reduce the film thickness and improve the 
unifomnity of the insulating layer. However, even with 



such an MIM-type electron-emitting device manufac- 
tured according to this method, it has been only possible 
to achieve an emission cun-ent of, as much as about 1 
X 10-5 A/cm2 and an electron emission efficiency on the 
5 order of about 0.1%. 

[0007] In an MIM-type electron-emitting device hav- 
ing an insulating layer as thick as several tens of na- 
nometers to several micrometers, a uniform forming 
state cannot be obtained two-dimensionally, and there 
10 is a problem in that its electron emission characteristic 
is unstable. In general, an MIM device or an MlS-type 
electron-emitting device having an insulating layer as 
thick as several tens of nanometers to several microm- 
eters is not yet capable, as manufactured, of providing 
'5 electron emission. A process called "forming" is re- 
quired, in which a voltage is applied between it and the 
ohmic electrode so as the metal thin film electrode would 
become a positive pole. The forming process differs 
from so-called electrical breakdown, and it has not yet 
been clearly explained although there have been vari- 
ous hypotheses such as those attempting to explain it 
as; the diffusion of electrode material into the insulating 
layer; the crystallization within the insulating layer; the 
growth of electroconductive paths called filaments; the 
stoichiometric deviation of the insulator composition and 
so forth. The controllability of this forming process is ex- 
tremely low, and it is difficult to manufacture the devices 
with high stability and good reproducibility. Moreover, 
there is a fact that the growing locations of such forming 
sites are contingent across the electrode surface, so 
that originating points of electron emission (electron 
emission source) cannot be specified. In other words, 
the originating points of the electron emission cannot be 
formed homogeneously across the surface of the de- 
vice, resulting in poorunifomnity of the electron emission 
pattern. 

[0008] Moreover, as another electron -emitting device, 
there is a surface-conduction electron-emitting device 
wherein cracks constituting electron-emitting sections 
are provided within an electroconductive thin film 
through electrification after laying the electroconductive 
thin film between counter electrodes provided on insu- 
lating substrates. These cracks are the sections of the 
electroconductive thin film that have locally been de- 
stroyed, transformed or deformed, so that there are 
problems in that, it has unevenness and poor geometric 
reproducibility, the shapes of the electron emitting por- 
tions are limited to linear shapes and so forth. 

SUMMARY OF THE INVENTION 

[0009] The object of the invention, which was invent- 
ed in consideration of the above background, is to pro- 
vide an electron-emitting device capable of providing 
stable electron emission with a low voltage, and a dis- 
play apparatus such as a flat panel display apparatus 
using such electron-emitting devices, 
[0010] An electron -emitting device of the invention 
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comprises an electron source layer made of a metal, a 
metal compound or a semiconductor, an insulating layer 
formed on the electron source layer and a metal thin film 
electrode formed on the insulating layer, and emits elec- 
trons when an electric field is applied between the elec- 
tron source layer and the metal thin film electrode, and 
the device is characterized in that the insulating layer 
has at least one island region constituting an electron- 
emitting section in which the film thickness of the insu- 
lating layer is gradually reduced, and a carbon region 
made of carbon or a carbon compound is provided either 
on the top or bottom, or inside of the island region. 
[0011] In the electron-emitting device according to 
one aspect of the invention, said metal thin film elec- 
trode and said carbon region are deposited by one of a 
physical deposition method and a chemical deposition 
method. 

[0012] In the electron-emitting device according to 
one aspect of the invention, said carbon region is a thin 
film deposited on one of said island region and said met- 
al thin film electrode. 

[0013] In the electron-emitting device according to 
one aspect of the invention, said carbon region is a thin 
film deposited on said island region while a voltage is 
being applied between said electron source layer and 
said metal thin film electrode. 

[0014] In the electron-emitting device according to 
one aspect of the invention, said applied voltage is sup- 
plied intermittently according to a voltage application pe- 
riod in which the voltage rises and falls. 
[0015] In the electron-emitting device according to 
one aspect of the invention, said carbon region is dis- 
tributed within said metal thin film electrode. 
[0016] In the electron-emitting device according to 
one aspect of the invention, said carbon region is a thin 
film deposited under said metal thin film electrode. 
[0017] In the electron -emitting device according to 
one aspect of the invention, said carbon region is a thin 
film deposited under said insulating layer. 
[0018] In the electron -emitting device according to 
one aspect of the invention, the thickness of said metal 
thin film is gradually reduced in conjunction with said 
insulating layer. 

[0019] In the electron-emitting device according to 
one aspect of the invention , the thickness of said carbon 
region is gradually reduced in conjunction with said in- 
sulating layer. 

[0020] In the electron-emitting device according to 
one aspect of the invention , said insulating layer is made 
of a dielectric material and has a thickness of at least 
50 nm in areas other than said island region. 
[0021] In the electron-emitting device according to 
one aspect of the invention, said metal thin film elec- 
trode terminates on said insulating layer within said is- 
land region. 

[0022] In the electron-emitting device according to 
one aspect of the invention, said insulating layer termi- 
nates on said electron source layer within said island 



region. 

[0023] In the electron-emitting device according to 
one aspect of the invention, said island region is a re- 
cess on a flat surface of said metal thin film electrode 

5 and said insulating \kyer. 

[0024] In the electron-emitting device according to 
one aspect of the invention, the device further compris- 
es a fine particle within said island region. 
[0025] In the electron-emitting device according to 

10 one aspect of the invention, the device further compris- 
es, within said island region, a reverse-tapered block 
projecting in a direction normal to said substrate and at 
a top portion thereof, includes an overhang projecting 
in a direction parallel to said substrate. 

15 [0026] A method for manufacturing an electron-emit- 
ting device according to the invention comprisies: 

an electron source layer formation process for form- 
ing an electron source layer made of one of a metal , 

20 a metal alloy and a semiconductor on a substrate; 
a mask fomnation process for fonming masks on said 
electron source layer, each of said masks providing 
a shade around an area in which the masks contact 
with said electron source layer; 

25 an insulating layer formation process for depositing 
an insulating layer over said electron source layer 
and said masks so as to provide said insulating lay- 
er as a thin film of an insulator, said insulating layer 
having island regions in which film thickness of said 

30 insulating layer is gradually reduced in the proximity 
of the contact areas of said masks; and 
a metal thin film electrode fomnation process for 
forming a metal thin film electrode over said insu- 
lating layer, thereby constituting said island regions 

35 as electron-emitting sections; 

said manufacturing method further comprises a process 
for providing a carbon region made of one of carbon and 
a carbon compound proximal to said island regions. 

40 [0027] In the method according to one aspect of the 
invention, the method further comprises a mask elimi- 
nation process for eliminating said masks immediately 
after said metal thin film electrode formation process, 
and said process for providing said carbon region is per- 

45 formed immediately after said mask elimination proc- 
ess, thereby forming said carbon region as a thin film 
deposited over said metal thin film electrode. 
[0028] In the method according to one aspect of the 
invention, said process for providing said carbon region 

50 is perfomned by depositing said carbon region as a thin 
film while applying a voltage between said electron 
source layer and said metal thin film electrode. 
[0029] In the method according to one aspect of the 
invention, said applied voltage is supplied intermittently 

55 according to a voltage application period in which the 
voltage rises and falls. 

[0030] In the method according to one aspect of the 
invention, the method further comprises a mask elimi- 
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nation process for eliminating said masks immediately 
atter said insulating layer formation process, and said 
process for providing said carbon region is perfonned 
during said metal thin film electrode formation process, 
thereby having said carbon region distributed within said 
metal thin film electrode. 

[0031] In the method according to one aspect of the 
invention, said process for providing said carbon region 
is performed immediately after said metal thin film elec- 
trode formation process, thereby forming said carbon 
region as a thin film deposited over said metal thin film 
electrode. 

[0032] In the method according to one aspect of the 
invention, said process for providing said carton region 
is performed immediately before said metal thin film 
electrode fonmation process, thereby fomning said car- 
bon region as a thin film deposited under said metal thin 
film electrode. 

[0033] In the method according to one aspect of the 
invention, said process for providing said carbon region 
is performed immediately before said insulating layer 
formation process, thereby forming said carbon region 
as a thin film deposited under said insulating layer. 
[0034] In the method according to one aspect of the 
invention, the method further comprises a mask elimi- 
nation process for eliminating said masks immediately 
after said metal thin film electrode fonmation process, 
and said process for providing said carbon region is per- 
formed immediately after said mask elimination proc- 
ess, thereby forming said carbon region as a thin film 
deposited over said metal thin film electrode. 
[0035] In the method according to one aspect of the 
invention, a voltage is applied between said electron 
source layer and said metal thin film electrode immedi- 
ately after at least one of said process for providing said 
carbon region, said metal thin film electrode fonnation 
process, and said mask elimination process. 
[0036] In the method according to one aspect of the 
invention, said masks are fine particles, and said mask 
formation process comprises a step of spraying said fine 
particles onto said electron source layer. 
[0037] In the method according to one aspect of the 
invention, each of said masks is an electrically insulating 
reverse-tapered block which projects outwardly in a di- 
rection normal to said substrate and has an overhang 
in a top portion thereof, projecting in a direction parallel 
to said substrate, and said mask fomiation process in- 
cludes steps of: 

forming a reverse-tapered block material layer on 
said substrate; 

forming thereon a resist mask which allows at least 
a part of said electron source layer to be exposed 
through a photolithographic method; and 
etching out said reverse-tapered block having said 
overhang by one of a dry etching method and a wet 
etching method. 



[0038] In the method according to one aspect of the 
invention, said insulating layer said metal thin film elec- 
trode and said carbon region are deposited by a physical 
deposition method or a chemical deposition method. 
5 [0039] A display apparatus according to the present 
invention comprises; 

a first substrate and a second substrate facing each 
other with a vacuum space therebetween; 
10 a plurality of electron-emitting devices provided on 
said first substrate; 

a collector electrode provided on an interior surface 
of said second substrate; and 
a phosphor layer formed on said collector electrode; 
wherein each of said electron-emitting devices 
comprises an electron source layer made of one of 
a metal, a metal alloy and a semiconductor fonmed 
on an ohmic electrode, an insulating layer formed 
on said electron source layer and a metal thin film 
electrode formed on said insulating layer, said insu- 
lating layer having at least one island region consti- 
tuting an electron-emitting section in which the film 
thickness of said insulating layer is gradually re- 
duced, and a carbon region made of one of carbon 
and a carbon compound is provided on at least one 
of a top, bottom and inside of said island region. 

[0040] In the display apparatus according to one as- 
pect of the invention, said insulating layer, said metal 
thin film electrode and said carbon region are deposited 
by one of a physical deposition method and a chemical 
deposition method. 

[0041] In the display apparatus according to one as- 
pect of the invention, said carbon region is a thin film 
deposited on one of said island region and said metal 
thin film electrode. 

[0042] In the display apparatus according to one as- 
pect of the invention, said carbon region is a thin film 
deposited on said island region while a voltage is being 
applied between said electron source layer and said 
metal thin film electrode. 

[0043] In the display apparatus according to one as- 
pect of the invention, said applied voltage is supplied 
intemnittently according to a voltage application period 
in which the voltage rises and falls. 
[0044] In the display apparatus according to one as- 
pect of the invention, said carbon region is distributed 
within said metal thin film electrode. 
[0045J In the display apparatus according to one as- 
pect of the invention, said carbon region is a thin film 
deposited under said metal thin film electrode. 
[0046] In the display apparatus according to one as- 
pect of the invention, said carbon region is a thin film 
deposited under said insulating layer. 
[0047] In the display apparatus according to one as- 
pect of the invention, the thickness of said metal thin film 
electrode is gradually reduced in conjunction with said 
insulating layer. 
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[0048] In the display apparatus according to one as- 
pect of the invention , the thickness of said carbon region 
is gradually reduced in conduction with said insulating 
layer. 

[0049] In the display apparatus according to one as- 
pect of the invention, said insulating layer is made of a 
dielectric material and has a film thickness of at least 50 
nm in areas other than said island region. 
[0050] In the display apparatus according to one as- 
pect of the invention, said metal thin film electrode ter- 
minates on said insulating layer within said island re- 
gion. 

[0051] In the display apparatus according to one as- 
pect of the invention, said insulating layer tenninates on 
said electron source layer within said island region. 
[0052] In the display apparatus according to one as- 
pect of the invention, said island region is a recess on 
a flat surface of said metal thin film electrode and said 
insulating layer. 

[0053] In the display apparatus according to one as- 
pect of the invention, the display apparatus further com- 
prises a fine particle within said island region. 
[0054] In the display apparatus according to one as- 
pect of the invention, the display apparatus further com- 
prises, within said Island region, a reverse-tapered block 
which projects outwardly in a direction nomnal to said 
substrate and has an overhang in a top portion thereof, 
projecting in a direction parallel to said substrate. 
[0055] In the display apparatus according to one as- 
pect of the invention, bus lines are fomned over a plural- 
ity of said metal thin film electrodes, and said ohmic 
electrodes and said bus lines are electrodes, each hav- 
ing a shape of a strip, and arranged orthogonal to each 
other. 

[0056] According to the present invention having the 
above any configuration, in the direction to which the 
interface between the insulating layer and the metal thin 
film layer extends, a carbon region made of carbon or a 
carbon compound is provided either on the top or bot- 
tom, or inside of each of a plurality of Islands in which 
the film thicknesses of the insulating layer and the metal 
thin film electrode are gradually reduced respectively, 
so that an electron-emitting device in which the amount 
of electrons emitted from those island regions are in- 
creased may be obtained. 

[0057] Moreover, according to the electron-emitting 
device of the invention, since the insulating layer has a 
large film thickness in the portion other than the island 
regions, through-holes are unlikely to occur, which in 
turn, would improve the manufacturing yield. Further- 
more, the electron-emitting device of the invention may 
be implemented as a high-speed device such as a light- 
emitting source of a pixel valve, an electron-emitting 
source of an electron microscope, and a vacuum micro- 
electronic element etc., and it is also operable as a sur- 
face-type or dot-type electron-emitting diode, a light- 
emitting diode or a laser diode emitting electromagnetic 
waves of millimeter-scale or submillimeter-scale, as well 



as a high-speed switching element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 [0058] Fig. 1 is a schematic cross-sectional view of 
an electron-emitting device of the invention. 
[0059] Figs. 2 through 8 are expanded views of a por- 
tion of a device substrate during fabrication according 
to a manufacturing method of the electron-emitting de- 

10 vice of the invention. 

[0060] Fig. 9 is an expanded view of a portion of a 
device substrate during fabrication according to a man- 
ufacturing method of another electron-emitting device 
of the invention. 

15 [0061] Figs. 10 through 18 are expanded views of a 
portion of alternative electron-emitting devices of the in- 
vention. 

[0062] Figs. 19 and 20 are expanded perspective 
views of a portion of a device substrate during fabrica- 
te tion according to a manufacturing method of another 
electron-emitting device of the invention. 
[0063] Fig. 21 is an expanded perspective view of an- 
other electron-emitting device of the invention. 
[0064] Figs. 22 and 23 are expanded perspective 
25 views of the device substrate during fabrication accord- 
ing to a manufacturing method of another electron-emit- 
ting device of the invention. 

[0065] Fig. 24 is an expanded perspective view of an- 
other electron-emitting device of the invention. 

30 [0066] Fig. 25 is a graphical representation showing 
the variation in the diode current Id, emission current le 
and efficiency of the electron -emitting device according 
to one embodiment, plotted against the number of the 
repetition of the carbon-type film fomnation processes. 

35 [0067] Fig. 26 is a graphical representation showing 
the variation in the diode current Id, emission current le 
and efficiency of a comparative electron-emitting device 
plotted against the number of the repetition of the elec- 
trification processes. 

40 [0068] Fig. 27 is a graphical representation of the var- 
iation in the diode current Id, emission current le and 
efficiency of the electron-emitting device of the embod- 
iment plotted against the thickness of the carbon-type 
film. 

45 [0069] Fig. 28 is an expanded perspective view of a 
portion of a device substrate during the fabrication of 
another electron -emitting device of the invention. 
[0070] Fig. 29 is an expanded perspective view of the 
portion of another electron-emitting device of the inven- 

50 tion. 

[0071] Figs. 30 and 31 are expanded perspective 
views of a portion of a device substrate during fabrica- 
tion according to still another manufacturing method of 
an electron -emitting device of the invention. 
55 [0072] Fig. 32 is an expanded perspective view of a 
portion of another electron-emitting device of the Inven- 
tion. 

[0073] Fig. 33 is a schematic perspective view show- 
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ing a portion of an embodiment of an electron-emitting- 
device flat panel display apparatus according to the in- 
vention. 

[0074] Fig. 34 is an expanded schematic cross-sec- 
tional view showing a portion of the embodiment of the 5 
electron-emitting-device flat panel display apparatus 
taken along the line AA of Fig. 33. 
[0075] Fig. 35 is a schematic cross-sectional view of 
an embodiment of an electron-emitting light-emitting de- 
vice according to the invention. 
[0076] Fig. 36 is a schematic cross-sectional view of 
another embodiment of an electron-emitting light-emit- 
ting device according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION '5 

[0077] Now, embodiments of the invention will be ex- 
plained with reference to figures. 

{Electron- Emitting Device} 

[0078] As shown in Fig. 1 , an electron -emitting device 
S of the invention in one embodiment comprises an 
ohmic electrode 11 made of aluminum (Al), tungsten 
(W), titanium nitride (TiN), cupper (Cu) or chrome (Or) 25 
etc. formed over i.e. a glass substrate 10, an electron 
source layer 12 made of a metal, a metal compound or 
silicon (Si) etc. formed thereon, an insulating layer 13 
made of SiOx(x==0. 1-2.0) etc. formed thereon, a metal 
thin film electrode 1 5 made of, i.e. white gold (R) or gold 30 
(Au) etc. fomned thereon, and a carbon region made of 
carbon or a carbon compound fonmed at least over a 
recessed portion 1 4. As for the material of the carbon 
region 40, forms of carbon such as amorphous carbon, 
graphite, carbyne, fullerene (Ggn): diamond-like carbon, 35 
carbon nano-tube, and diamond etc., or carbon com- 
pounds such as ZrC, SiC, WC, and MoC etc. are effec- 
tive. 

[0079] The insulating layer 13 is made of a dielectric 
material and its thickness in the flat portion is 50 nm or 40 
greater which is extremely large. This layer is formed 
through a sputtering method with the use of Ar, Kr or Xe 
gas, or the combination thereof, or a mixed gas contain- 
ing these rare gases as the main component with O2 or 
N2 mixed thereto, under a sputtering condition; gas ^5 
pressure = 0.1 - 100 mTorr, preferably 0.1 - 20 mTorr, 
and growth rate = 0.1 - 1000 nm/min, preferably 0.5 - 
100 nm/min. 

[0080] In the insulating layer 1 3 and the metal thin film 
electrode 1 5, a recess 14, that is, an island region 14 in so 
which the film thickness of both the films are gradually 
reduced toward the center, is fonmed. As shown in Fig. 
1 , the island region 14 is formed as a circular concave 
region in the flat surface of the metal thin film electrode 
15, and on this island region 14, the carbon region is ss 
deposited. In the island region 14, the metal thin film 
electrode 15 is terminated on the insulating layer 13 at 
an edge position A. The insulating layer 13 is also ter- 



minated within the island region 14, on the electron 
source layer 1 2 at an edge position B. The carbon region 
40 covers the metal thin film electrode 1 5, insulating lay- 
er 13 and electron source layer 12. 
[0081] As for the material of the electron source layer 
1 2 of the electron -emitting device, Si is especially effec- 
tive, however, it is also possible to use amorphous sili- 
con (a-Si), hydrogenated amorphous silicon (a-Si:H) in 
which the dangling bonds of a-Si aretenminated with hy- 
drogen (H), or a compound semiconductor such as hy- 
drogenated amorphous silicon carbide {a-SiC:H) in 
which a part of Si is replaced with carbon (C) or hydro- 
genated amorphous silicon nitride (a-SiN:H) in which a 
part of Si is replaced with nitrogen (N), or silicon doped 
with boron, gallium, phosphorus, indium, arsenic, or an- 
timony. Instead of using Si, a single semiconductor or a 
compound semiconductor of group IV, Ill-V, orll-Vl such 
as gemnanium (Ge), Ge-Si, silicon carbide (SiC), gallium 
arsenide (GaAs), indium phosphide (InP), cadmium se- 
lenide or CulnTe2 etc. may also be used for the electron 
source layer. 

[0082] Metals such as Al, Au, Ag and Cu etc. are also 
effective for the material of the electron source layer, but 
rt is also possible to use Sc, Ti, Cr, Mn, Fe, Co, Ni, Zn, 
Ga, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Cd, Ln, Sn, Ta, W, 
Re, Os, Ir, Pt. TI, Pb, La, Ce, Pr, Nd, Nd, Pm, Sm, Eu, 
Gd, Tb, Dy, Ho, Er Tm, Yb, Lu or the like. 
[0083] As for the dielectric material of the insulating 
layer 13, although silicon oxide (SiO^) (x represents an 
atomic ratio) is especially effective, it may be a metal 
oxide or a metal nitride such as LiOj^, LiN^, NaO^, Ko^, 
RbO^, CsO^, BeO^, MgO^, MgN^, CaO,. CaN^, SrO^^, 
BaO),, ScO^, YOx, YN^, LaO^, LaN^, CeO^, PrO^, NdO^, 
SmOj^, EuOx, GdO^, TbOj^, DyO^, HoO^, ErO^, TmO^, 
YbOj,, LuO^. TiO^, ZrO^, ZrN^, HfO^, HfN^, ThO^ VO^, 
VN^, NbO^, NbN^, TaO^. TaN^, CrO^^, CrN^, MoO^, 
MoN^, WOx, WNx, MnO^, ReO^. FeO^, FeN^, RuO^, Os- 
O^, CoO^, RhO^, IrO^, NiO^, PdO^, PtO^, CuO^, CuN^^, 
AgOj(, AuOj,, ZnO^, CdO^, HgO,, BOj^, BN^, AIO^, AIN^, 
GaO^, GaN^, InO^, SiN^, GeO^, SnO^, PbO^, PO^, PN,,, 
AsOjj, SbO^, SeOx, TeO^ or the like. 
[0084] It is also effective, for the dielectric material of 
the insulating film 1 3, to use a complex metal oxide such 
as LIAlOa, LiaSiOa, LigTiOg, Na2Al22034, NaFeOg, 
Na4Si04, KsSiOg, K2Ti03, KgWO^, Rb2Cr04, CS2Cr04, 
MgAl204, MgFe204, MgTiOg, CaTiOa, CaW04, CaZr03. 
SrFei20i9, SrTiOa, SrZrOa, BaAl204, BaFeiaOig, 
BaTiOa, Y3AI5O12. "<3^Q50^2* LaFe03, La3Fe50i2. 
LagTigOy, CeSn04, CeTi04, Sm3Fe50i2. EuFeOg, 
EugFesOia, GdFeOg, Gd3Fe50i2. DyFeOg, DyaFesOig, 
HoFe03, H03Fe50^2- ErFeOg, Er3Fe50i2. Tm^fe^O^z^ 
LuFe03, Lu3Fe50i2> NiTi03, Al2Ti03, FeTi03, BaZr03, 
LiZrOg, MgZr03, HfTi04. NH4VO3. AgVOg. LiVOa. 
BaNb206, NaNb03, SrNbgOe, KTaOg, NaTa03, 
SrTasOfi, CuCr204, Ag2Cr04, BaCr04, K2M0O4, 
Na2Mo04, NiMo04, BaW04, NaW04, SrW04, 
MnCr204. MnFe204, MnTi03. MnW04. CoFe204, 
ZnFe204, FeW04, C0M0O4, CoTiOg, C0WO4. NiFe204. 
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NiW04. CuFe204, CUM0O4, CuTiOa, CUWO4, 
Ag2Mo04, Ag2W04, 2nAl204, 2nMo04, 2nW04, 
CdSnOs, CdTiOa, CdMo04, CdW04, NaAtOg, 
MgAl204, SrAl204. GdaGagOig, InFeOg, Mgln204, 
AITiOg, FeTi03, MgTiOa, NajSiOa, CaSiOg, ZrSi04, 
KgGeOa, LigGeOg, NagGeOg, Bi2Sn309, MgSnOg, 
SrSnOg, PbSiOa, PbMo04, PbTlOa, Sn02-Sb203, 
CuSe04, Na2Se03, ZnSeOg, KgTeOg, K2Te04, 
NagTeOg, Na2Te04 or the like, or a sulfide such as FeS, 
AI2S3, MgS or ZnS etc., a fluoride such as LIF, MgFg or 
SmF3 etc., a chloride such as HgCI, FeCl2 or CrCIa etc., 
a bromide such as AgBr, CuBr or MnBrg etc., an iodide 
such as Pbl2, Cul or Fel2 etc., or a metal oxide nitride 
such as SiAION or the like. 

[0085] Furthermore, carbon such as diamond or 
fullerene (C2n), or a metal carbide such as AI4C3, B4C, 
CaC2, CraCg, M02C, MoC, NbC, SiC, TaC, TiC, VC, 
WgC, WC or ZrC etc. is also effective. Fullerene (C2n) 
is a spherical-shell like molecule made up of carbon at- 
oms only, ranging from C32 through Cgeo. among which 
the most known is Ceo- The "x" suffix on the above temns 
such as "Oj(" or "N^" represents an atomic ratio. 
[0086] The thickness of the insulating layer in the flat 
portion other than the island regions is 50 nm or greater, 
preferably from 100 nm to 1000 nm. 
[0087] As for the material of the metal thin film elec- 
trode 15 on the electron -emitting side, metals such as 
Pt, Au, W, Ru or Ir are effective, but Be, C, Al, Si, Sc, Ti, 
V, Cr, Mn, Fe, Co, Nt, Cu, Zn, Ga, Y, Zr, Nb, Mo, Tc, Rh, 
Pd, Ag, Cd, in, Sn, Ta, Re, Os, TI, Pb, La, Ce, Pr, Nd, 
Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er Tm, Yb or Lu etc. may 
also be use. 

{Manufacturing Method of the Electron-Emitting Device) 

[0088] As for the film formation method in manufac- 
turing such electron-emitting devices, a physical or 
chemical method is used. The physical methods are 
known as physical vapor deposition (PVD) and include 
a vacuum deposition method, molecular beam epitaxy 
method, sputtering method, ionized vapor deposition 
method and laser abrasion method. The chemical meth- 
ods are known as chemical vapor deposition (CVD) and 
include thermal CVD, plasma CVD and MOCVD (metal- 
organic chemical vapor deposition) etc. Among these 
methods, the sputtering method is especially effective. 
[0089] The island region 1 4 of Fig. 1 which is the con- 
cave portion covered by the carbon region 40, is formed 
in the following manner. First, as shown in Fig. 2, the 
electron source layer 1 2 is formed through sputtering on 
the substrate 10 having the ohmic electrode 11 fomned 
thereon. Next, a plurality of spherical fine particles 20 
are homogenously sprayed on the electron source layer 
as shown in Fig. 3. Although non-spherical shapes of 
the fine particles, which serve as masks, may also allow 
the electron emission to be obtained, spherical particles 
such as spacers for liquid crystal displays or ball mills 
having an isotropic geometry are preferred when con- 



sidering their unifomiity in grain boundaries and homo- 
geneous distribution over the film, and lack of aggrega- 
tion. In addition, a smaller grain size is preferred. The 
material of the fine particles may be an insulator, a sem- 
5 iconductor or a metal. When metallic fine particles are 
used, there is a possibility for the particles to cause 
short-circuits in the device, so that it is preferred to elim- 
inate the particles after the fonnation of the metal thin 
film electrode 15. 
10 [0090] Thereafter, as shown in Fig. 4, an insulator 13, 
13a is fomned on the electron source layer 12 and on 
the fine particles 20 to form an insulating layer 13 made 
of a thin film of the insulator. At this point, the insulator 
is deposited also on the area around the contact be- 
ts tween the electron source layer 1 2 and the particle 20, 
thereby forming the portion of the insulating layer in 
which the film thickness is gradually reduced from the 
given thickness of the insulating layer 1 3. The portion of 
the insulating layer in which the film thickness is gradu- 
20 ally reduced temninates on the electron source layer 1 2 
at the edge position B within the island region 14. 
[0091 J A metal 15, 1 5a is then deposited over the in- 
sulating layer 13 and the particle 20 as shown in Fig. 5 
to form the metal thin film electrode 15. At this point, the 
25 metal is deposited also around the contacting portion of 
the electron source layer 1 2 and the particle 20, thereby 
forming the portion of the metal thin film electrode in 
which its film thickness is gradually reduced from the 
given thickness of the metal thin film electrode 15. The 
30 portion of the metal thin film electrode 15 in which the 
fiim thickness is gradually reduced terminates on the in- 
sulating layer 13 at the edge position A. That is, there 
is a boundary between the particle 20 and the electron 
source layer 12 or the metal thin film electrode 15, and 
35 the film thickness of the insulating layer 13 and metal 
thin film electrode 16 are continuously reduced from that 
boundary toward the contact point between the particle 
and the electron source layer 12. In this way, the island 
region 14, which is a recess, is formed within the insu- 
re lating layer 13 and the metal thin film electrode 15 
around the contact plane under the particle 20. 
[0092] After this metal thin film electrode formation 
process, the plurality of particles are eliminated through 
ultrasonic cleaning so that a plurality of island regions 
45 14 of circular recesses are formed as shown in Fig. 6. 
[0093] As shown in Figs. 7 and 8, a carbon region 40 
is formed as a thin film over the island regions 14 and 
the metal thin film electrode 15 after the mask elimina- 
tion process (particle elimination process). 
50 [0094] Forthe formation process of the cariDon region, 
the substrate on which the recessed island regions are 
formed is placed in a vacuum chamber as shown in Fig. 
7, and a hydrogen carbide gas such as methane gas is 
introduced into the vacuum chamber 39, and voltage is 
55 applied between the electron source layer 12 and the 
metal thin film electrode 15 via the ohmic electrode 11 
within the hydrogen cartDide atmosphere which has 
been vacuumed to approximately 0.1 to 1 x lO^^ Torn In 
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this process, hydrogen carbide within the chamber is ad- 
sorbed to or deposited on , or reacted with the entire sur- 
face of the metal thin film electrode 1 5 and on the insu- 
lating layer 13 and the electron source layer 12 within 
the recessed island regions 14, thereby fonning a thin 
film constituting the carbon region 40. It is preferred to 
set a voltage application period, and repeat the voltage 
application process for more than one cycle of the volt- 
age application period. 

[0095] The carbon region 40 may be formed as a thin 
film also by uniformly depositing it over the island re- 
gions and the metal thin film electrode 15 through sput- 
tering with the use of a carbon target 41 as shown in 
Fig. 8. 

[0098] Although the fine particles 20 were explained 
as being placed in contact with the electron source layer 
12 in the case of the above embodiments, alternatively, 
a preliminary insulating layer 1 3b may be formed imme- 
diately before the particle dispersion process (Fig. 3) 
through sputtering to isolate the fine particles 20 and the 
electron source layer 12 by that preliminary insulating 
layer 13b as shown in Fig. 9. In a case where the pre- 
liminary insulating layer 13b is provided, its film thick- 
ness shall be within a range from several tens to several 
thousands angstroms. In this way, the risk of producing 
short circuits between the electron source layer 12 and 
the metal thin film electrode 15 may be avoided. 
[0097] Furthermore, in the case of the above embod- 
iments, the carbon region 40 was constituted by a thin 
film which is deposited so as to entirely cover the metal 
thin film electrode 15, insulating layer 13 and electron 
source layer 12, however the carbon regions 40 may 
alternatively be formed so as to be terminated on the 
insulating layer 1 3 or on the metal thin film electrode 1 5 
within the island regions 14 as shown in Fig. 10. In this 
case, the formation process of the carbon region is per- 
formed immediately after the formation of the metal thin 
film electrode 15 (Fig. 5), and the carbon region 40 is 
deposited as a thin film on the metal thin film electrode 
15 prior to the mask elimination process for eliminating 
the particles. The particles are then eliminated to obtain 
the structure shown in Fig. 10. 
[0098] Furthermore, as shown in Fig. 11, the carbon 
regions may be provided as a metal thin film electrode 
15a by having them distributed within the metal thin film 
electrode. In this case, the mask elimination process for 
eliminating the particles is performed afterthe formation 
process of the insulating layer 13 (Fig. 4) to form the 
recesses, and the fomnation process of the carbon re- 
gion is then performed as the metal thin film electrode 
fomnation process in which the metal thin film electrode 
15a containing the carbon region is formed over the in- 
sulating layer 1 3, with carbon or a carbon compound be- 
ing mixed with the metal by using i.e. a mixed target or 
by sputtering within a carbon or carbon compound gas 
atmosphere. In this way, the structure shown in Fig. 11 
is obtained. 

[0099] Alternatively, the carbon region 40 may be 



formed as a thin film deposited under the metal thin film 
electrode 15 within the island regions 14 as shown in 
Fig. 12. In this case, the forming process of the carbon 
region is perfonned after the formation process of the 

5 insulating layer 13 (Fig. 4), followed by the formation 
process of the metal thin film electrode 15 over the car- 
bon region 40. In this way, the fomnation process of the 
carbon region is performed immediately before the for- 
mation process of the metal thin film electrode 15. The 

10 particles are then eliminated to obtain the structure 
shown in Fig. 1 2, in which the carbon region 40 is formed 
between the metal thin film electrode 15 and the insu- 
lating layer 13. 

[0100] Furthemnore, the carbon region 40 may also 
15 be a thin film fomried between the electron source layer 
12 and the insulating layer 13 as shown in Fig. 13. In 
this case, the carbon region 40 is evenly fonned over 
the electron source layer 12 afterthe formation of the 
electron source layer (Fig. 2), the particles 20 are dis- 
20 persed over the carbon region 40, and the processes 
from the insulating layer fomnation (Fig. 4) to the metal 
thin film electrode formation (Fig. 6) are then perfomned. 
In this way, the carbon region formation process is per- 
formed immediately before the dispersion process, 
25 Thereafter, the particles are eliminated to obtain the 
structure shown in Fig. 13, in which the carbon region 
40 is formed under the insulating layer 13. 
[0101] In still another embodiment, the carbon region 
40 may be formed as a thin film having a thickness which 
30 is gradually reduced along with the insulating layer 13 
and the metal thin film electrode 15 within the recessed 
island regions 14. In this case, the carbon region 40 is 
formed over the electron source layer 12 and the fine 
particles 20 after the dispersion process (Fig. 3) of the 
35 fine particles 20 on the electron source layer 13, and the 
processes from the insulating layer formation (Fig. 4) to 
the metal thin film electrode formation (Fig. 6) are then 
performed. In this way, the carbon region formation 
process is performed immediately before the insulating 
40 layer formation process. Thereafter, the fine particles 
are eliminated to obtain the structure shown in Fig. 14, 
in which the carbon region 40 constituted by the carbon 
thin film having a film thickness which is gradually re- 
duced within the island regions 14, is fonmed under the 
^5 insulating layer 13. 

[0102] As explained heretofore, in the above embod- 
iments, each of the island regions 14 is formed so as to 
constitute a recess on the flat surface of the metal thin 
film electrode 1 5 and the insulating layer 1 3 through the 
50 elimination of a particle 20, however, an electron-emit- 
ting device in which the particles 20 are not eliminated 
is also possible. For instance, by omitting the final par- 
ticle elimination process shown in Fig. 6, it is possible 
to manufacture electron-emitting devices retaining the 
55 particles as shown in Figs. 15 trough 18 which respec- 
tively correspond to the electron-emitting devices 
shown Figs. 10 and 12 through 14. The diameter of a 
fine particle should be a size which allows a part of the 
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particle geometry to be exposed, in other words, a size 
which does not cause the particle to be completely bur- 
ied. When the thickness of the Insulating layer is so large 
to an extent that the presence of the particles cannot be 
observed, then the emission current decreases. 
[0103] Moreover, although the island regions 14 in the 
above embodiments are explained as being crater-like 
recesses 14 caused by the fine particles, the shape of 
the island regions is not limited to this particular shape, 
and the island regions may be fonned as trench-like re- 
cesses 1 4a as shown in Fig. 21 , or cone-shaped recess- 
es 14b as shown in Fig. 24. Any arbitrary shapes (i.e. a 
rectangular shape) and formation methods are applica- 
ble for the island regions. 

[0104] The fonnatlon processes of the embodiments 
shown in Figs. 21 and 24 are identical to the above-ex- 
plained formation processes for the island regions, ex- 
cept that dot-type or line-type tapered blocks 21a and 
column-type reverse-tapered blocks 21 b shown in Figs. 
1 9 and 22 are respectively used in place of the particles. 
Also, in either of the electron-emitting devices shown in 
Figs. 21 and 24, a preliminary insulating layer may be 
provided, and the reverse-tapered blocks 21 a, 21 b may 
be fonned thereon in the same manner as the case 
shown in Fig. 8 in which the preliminary insulating layer 
13b is provided on the electron source layer 12. 
[0105] The reverse-tapered blocks 21a and 21b are 
made of an electrically insulating materia! such as a re- 
sist. They project out in a direction normal to the sub- 
strate 10, and in their top portions, include overhangs 
22a and 22b which project In a direction parallel to the 
substrate 10. 

[01 06] For the resist as the reverse-tapered block ma- 
terial, a novolac-type photo resist may be used. A spin- 
coat method is used for the application of the resist. After 
applying the resist to the electron source layer 1 2 using 
a photo mask, the pre-bake, exposure, post-bake and 
development processes are perfonned to form a desired 
resist pattern on the electron source layer. At this point, 
the pattern may have any arbitrary shape, but it should 
have a sufficient height from the Si electron source layer 
so that it would not be completely buried within the in- 
sulating layer which is to be fonned later. The reverse- 
tapered block is the one having a cross-section of a re- 
verse-tapered shape, however, the taper angle is arbi- 
trary, and even the blocks are not necessarily be tapered 
blocks. 

[0107] After forming the reverse-tapered resist pat- 
tern, the insulating layer 1 3 and the metal thin film elec- 
trode 15 are deposited so as to form island regions 14a 
and 14b in which the film thicknesses are gradually re- 
duced, thereby forming the substrates shown in Figs. 
1 9 and 22. The reverse-tapered blocks 21 a and 21 b are 
eliminated by given agents respectively to obtain sub- 
strates, each of which having a plurality of island regions 
constituting the recesses shown in Figs. 20 and 23. 
Thereafter, carbon regions 40 made of carbon or a car- 
bon compound is fomned over the electron source layer 



12, insulating layer 13 and metal thin film electrode 15 
in the same manner as in the previous embodiments, 
thus an electron-emitting device is constituted. It is also 
possible to form an electron-emitting device in which the 
5 reverse-tapered blocks 21 a or 21 b are not eliminated, 
but retained instead at the centers of these recesses 
formed by the island regions as shown in Fig. 1 9 or 22, 
and the carbon regions 40 are formed thereon. 

10 {Electro-conductive Path Growth in Electron -Emitting 
Device} 

[0108] In addition, although it is optional, after the 
metal thin film electrode fonnatlon process or after the 
'5 fine particle elimination process, regardless of the pres- 
ence or absence of the particles, an electroconductive 
path growing process may be perfonned overthe device 
substrate 10 having the island regions 14 in which the 
metal thin film electrode 1 5 is gradually reduced in thick- 
ness and terminated on the insulating layer 13. During 
this electroconductive path growing process, a voltage 
is applied between the metal thin film electrode 15 and 
the electron source layer to cause a given level of cur- 
rent, 

[0109] When the electron source layer 12 is formed 
of Si, the insulating layer or the carbon region located 
between the edge B of the insulating layer 13 and the 
edge A of the metal thin film electrode 15 forms a so- 
called "site" which serves as a current path although it 
has a high resistivity, so that the current first start flowing 
through these sites. Upon this, Joule heat is generated 
and the growth of electroconductive paths is promoted 
on the surface or the inside of the insulating layer 
[0110] Next, although Si of the electron source layer 
Initially has a high resistivity, the electric resistance of 
the portions of Si located directly under these sites is 
locally and selectively reduced, and the amount of cur- 
rent in these portions increases. In this way, the electro- 
conductive paths are collectively and unifonnly gown in 
a shape of ring. By adding the electroconductive paths 
growing process in this way, undeslred electrical break- 
down may be avoided since Si initially has a high resis- 
tivity. This process also contributes to the stabilization 
of emission current of the device so obtained. 
[0111] In an electron-emitting device according to the 
embodiments of the present invention, the island re- 
gions 14 are formed, in which the insulating layer is 
gradually thinned locally (In other words, the film thick- 
ness thereof is gradually reduced), and the edges of the 
metal thin film electrode 15 are located on the portions 
of the insulating layer 13 at which the film thickness is 
gradually reduced, and these are covered by the cahson 
region to form the electron-emission sections, so that 
even with this electron-emitting device, a sufficient level 
of electron emission can be obtained. However, the 
electroconductive path growing process may further be 
performed. By this process, the electroconductive 
minute structures present on the surface or inside of the 
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insulating layer or carbon regions within the electron- 
emitting sections are grown or increased. When such a 
device is operated, strong fields are centered at these 
nninute structures, and the emission is assumed to be 
promoted by these structures serving as emission sites. 5 
Since the electron-emitting sections having an even 
size, shape and condition may be fonned uniformly over 
the entire surface of the device with the use of evenly 
sized and shaped particles etc., a favorable electron 
emission pattern may be obtained. to 
[0112] As for the electron emission efficiency, since 
only the island regions 14 in the surface of the device 
are functioning as the electron-emitting sources and al- 
so as the electroconductive paths, it is believed that 
electron emission with extremely high efficiency with no '5 
leak current can be obtained. 

{Light-Emitting Device Using Electron-Emitting Device} 

[0113] In a case where the electron-emitting device S 20 
is used as a light-emitting device, the device substrate 
10 of the electron-emitting device S is used as the first 
substrate on the backside, and a translucent second 
substrate 1 such as one made of glass is retained as 
the front side substrate via a vacuumed space 4 as 25 
shown in Fig. 1 . On the interior surface of the second 
substrate 1 , a translucent collector electrode 2 made of 
indium-tin oxide (also referred to as ITO), tin oxide 
(SnO) or zinc oxide (2nO) etc. and a phosphor layer 3R, 
G , B are formed. As the material of the device substrate 3D 
10, a ceramic such as AI2O3, Si3N4 or BN etc. may also 
be used as well as glass. 

[0114] As shown in Fig. 1, the electron-emitting de- 
vice Is a diode with the metal thin film electrode 15 at 
the surface as the positive potential Vd and the ohmic 35 
electrode 11 at the backside as the ground potential. 
When a voltage Vd of, for example, approximately 50 V 
is applied between the ohmic electrode 1 1 and the metal 
thin film electrode 1 5 to inject electrons into the electron 
source layer 12, within an island region 14, the electrons 40 
travel from the edge B toward the edge A through the 
insulating layer 13 or the carbon region 40. The elec- 
trons reaching the metal thin film electrode 1 5 within the 
island region 1 4 are assumed to be partially emitted into 
the vacuum by a strong electric field Vc through the met- ^5 
al thin film electrode 15 and the adjacent carbon region 
40. 

[0115] The electrons e (emission current le) emitted 
from the recess formed by the island regions 14 are ac- 
celerated by the high acceleration voltage Vc (i.e. ap- 50 
proximately 5 kV) applied to the opposing collector elec- 
trode (transparent electrode) 2, and collected to the col- 
lector electrode 2. In a case where the phosphor 3 is 
coated on the collector electrode, a corresponding visi- 
ble light is emitted. 55 
[0116] Electron-emitting devices according to the 
present invention were fabricated using an electron 
source layer made of boron (B)-doped Si, and charac- 



teristics are examined. 
{Embodiment 1) 

[0117] First, a flat glass substrate for the use as the 
backside substrate was cleaned and sufficiently dried, 
and on its one surface, an ohmic electrode of TiN was 
formed to a thickness of 220 nm through reactive sput- 
tering with the introduction of nitrogen. Thereon, an 
electron source layer of Si to which B was doped to 
0.15atm% was fonned in a thickness of 500 nm. In this 
way a plurality of electron source layer substrates were 
fabricated. 

[0118] As shown in Fig. 5, by spraying fine particles 
on the electron source layer of the electron source layer 
substrates, particle-sprayed substrates were fabricated. 
In this embodiment, spherical particles (also simply re- 
ferred to as spacers) having a diameter of 1 .0|j.m were 
used. The material of the particles was Si02, and the 
distribution range of the diameters of the particles was 
extremely small. For the dispersion of the particles, a 
known spacer spray method employed in the fabrication 
of liquid crystal display apparatus was used. Among the 
available methods including dry-spray type methods 
and wet-spray type methods, a wet-spray method was 
used for this device. 

[0119] The spherical particles were dispersed within 
ethyl alcohol and sufficiently stirred so that they do not 
cling together. This spray solution was then applied to 
the electron source layer of Si by spin coating, and ethyl 
alcohol was eliminated. In this way, the spherical parti- 
cles were homogeneously coated on the Si electron 
source layer. The distribution density of the particles on 
the Si electron source layer was approximately 1000 
pieces/mm2. In this way, a plurality of such particle- 
sprayed substrates, each having particles within recess- 
es fomned by island regions, were fonned. 
[0120] An insulating layer of SiOg was formed in a 
thick ness of 330 nm via reactive sputtering with the in- 
troduction of oxygen. At this point, the particles were ex- 
posed on the surface. SiOg was of course formed also 
on the surfaces of the particles. The sections near the 
contact points (grain boundaries) between the particles 
and the electron source layer were the areas under the 
overhang portions, so that the layer in that sections was 
deposited by "go-around" of the sputtering gas, and the 
film thickness of the insulating layer was gradually re- 
duced toward the contact points. 
[0121] Thereafter, a mask having a pattern of a metal 
thin film electrode was placed on the Si02 insulating lay- 
er, and the metal thin film electrode made of Pt or Au 
was fonned in a thickness of 10 nm. In this way a plu- 
rality of device substrates of the electron -emitting devic- 
es were provided. At this time, although a surface treat- 
ment for the insulating layer is not required prior to the 
formation of the metal thin film electrode, sputter etching 
may be performed over the insulating layer before form- 
ing the metal thin film electrode. It is preferred because 
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the interfaces between the particles and the insulating 
layer would be etched and reformed by this sputter etch, 
and this would allow the electrode material to go around 
more effectively to reach the interfaces during the metal 
thin film formation, so that more effective electron emis- 
sion can be promoted. When the sputter etch was per- 
fonned, ring-like trails reflecting the shape of the parti- 
cles were remained on the device surface. For all devic- 
es of the present embodiment, the sputter etching was 
perfonned prior to the fonnation of the top metal thin film 
electrode. 

[0122] The sprayed particles were then eliminated 
from the substrates, thereby forming a plurality of the 
device substrates as the electron-emitting devices hav- 
ing the recessed island regions without the particles. 
The elimination of the particles from the electron-emit- 
ting device substrates was perfonned through ultrasonic 
cleaning with the use of isopropyl alcohol. As for the 
cleaning solution, water, acetone, ethanol or methanol 
may also be used. 

[01 23] The substrates on which a plurality of recessed 
island regions were provided by the elimination of the 
particles, were placed within a vacuum chamber, and a 
voltage is applied between the electron source layer 12 
and the metal thin film electrode 15 on the substrate via 
the ohmic electrode under an atmosphere vacuumed to 
2 X 1 Q-'^ Torr in conjunction with the introduction of meth- 
ane gas. The application of voltage was repeated for 1 
to 15 cycles intennittently, with one cycle being a rise 
and a fall of the applied voltage between 0 V and 35 V 
by a one volt step in every 3 seconds. By changing the 
cycles and the duration, methane was adsorbed or de- 
posited on, or reacted with the island regions of the de- 
vices, forming thin films having thicknesses varying from 
0 nm to 50 nm. 

[0124] As for comparative samples, a plurality of de- 
vice substrates of the electron-emitting devices were 
fabricated in the same manner as the above embodi- 
ment, but without the introduction of methane gas into 
the vacuum chamber, in other words, the thin film con- 
stituting the carbon region had not been provided. For 
these comparative samples, only the same voltage as 
that in the embodiment was applied between the elec- 
tron source layers and the metal thin film electrodes, so 
as to perfonn electrification repeatedly. 
[0125] Separately, a transparent substrate 1 made of 
transparent glass having an ITO collector electrode and 
phosphor layer provided on its interior surface were fab- 
ricated. 

[0126] The above various device substrates and the 
transparent substrate were placed in parallel, facing 
each other, with the use of spacers so that they are held 
at 5mm apart, and the space therebetween was vacu- 
umed to 1 0'"^ Torr or 1 0*5 Pa to have the electron-emis- 
sion devices constitute light-emitting elements. 
[01 27] For the each of the fabricated light-emitting el- 
ements made of the electron-emitting devices and those 
comparative samples, the diode current Id, emission 



current le and the efficiency (le/ld) were measured while 
35 V was being applied as the device voltage Vps be- 
tween the metal thin film electrode and ohmic electrode. 
The results of these measurements are shown in Figs. 

5 25 and 26. In these graphs, the horizontal axis repre- 
sents the repetition cycles of the carbon-type film for- 
mation process or electrification process, and the verti- 
cal axis represents the amount of current and efficiency. 
[0128] As can be seen from Figs. 25 and 26, those 

^0 electron-emitting devices according to the preferred em- 
bodiment having the recessed island regions covered 
by the carbon films have characteristics higher than the 
comparative samples by two orders with regard to the 
emission current le, so that the amounts of the emission 

^5 current are significantly increased. In this first embodi- 
ment, the devices capable of providing emission current 
over 2 x 1 0"2 A/cm^ and emission efficiency over 2% 
were obtained. 



[0129] Through a sputtering method using a carbon 
target, carbon films were deposited in various thickness- 
es from 0 nm to 50 nm on respective substrates that had 
been fabricated in the same manner as the first embod- 
iment (substrates having a plurality of recessed island 
regions through the elimination of the fine particles). As 
comparative samples, a plurality of device substrates of 
electron-emitting devices were fabricated by the same 
processes as the above embodiment except that the 
thin films forming the carbon regions were not provided 
to those samples. Unlike the first embodiment, the volt- 
age application was not performed in this embodiment 
during the deposition of the carbon. 
[0130] In the same way as the first embodiment, a 
transparent glass substrate 1 in which an ITO collector 
electrode and a phosphor layer are f omried on its interior 
surface was fabricated, and it is assembled to fomi light- 
emitting elements of the electron -emitting devices. 
[0131] Device voltage of 35 V was applied between 
the metal thin film electrodes and the ohmic electrodes 
of the fabricated light-emitting elements of the electron- 
emitting devices and the comparative samples, and 
measurements were performed tor diode current Id, 
emission current le and the efficiency (le/ld) of the ele- 
ments having carbon-type film layers in various thick- 
nesses. Fig. 27 shows the relationship between the 
thicknesses of the carbon-type film layers, and the 
amounts of current and efficiency of the respective de- 
vices. 

[0132] Those electron-emitting devices according to 
the second embodiment, having recessed island re- 
gions covered by carbon-type films by sputtering had 
characteristics higher than the comparative samples by 
two orders, indicating significant increase in their emis- 
sion current. In this second embodiment, devices capa- 
ble of providing emission current over 4 x 10*2 A/cm^ 
and emission efficiencies over 6% were obtained. 



20 {Embodiment 2} 
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[0133] Furthermore, with the condition of either one 
of the above embodiment, devices were fabricated to 
have film thicknesses ranging from 50 nm to 1000 nm 
with the total thicknesses of their insulating layers being 
50 nm or greater, and through the application of a volt- 
age 200 V or lower, their emission efficiencies were 
measured to see the variation in the electron emission 
efficiencies Ie/(le4-ld) x 1 00% relative to the thicknesses 
of the insulating layers. The results of the measure- 
ments indicated that emission efficiencies of 0.1% or 
greater can be obtained with devices having film thick- 
nesses between 50 nm and 1 000 nm with the thickness- 
es of their insulating layers being 50 nm or greater. 
[0134] Furthermore, it was confinmed that devices 
having Si electron source layer not doped with B would 
have the same effect. 

{Other Structures of The Electron-Emitting Device} 

[0135] In the above embodiments, the electron-emit- 
ting device was explained as having recesses or trench- 
tike regions, in which the film thickness is gradually re- 
duced toward the center of the island regions 14, how- 
ever, the device may have island regions in which the 
insulating layer and metal thin film electrode gradually 
reduce together off the center of the island regions or 
gradually reduce asymmetrically, or gradually reduce as 
a flat section. 

[0136] For example, as another embodiment of the 
present invention, an island region 14 in which the film 
thicknesses of the insulating layer 1 3 and the metal thin 
film electrode 15 gradually reduce together toward a 
masking wall 20a, may be provided on one side of a 
trench-like recess as shown in Fig. 28. 
[0137] The island region 14 shown in Fig. 28, which 
constitutes a portion of the trench-like recess, may be 
formed as follows. First, a masking wall 20a made of a 
resist etc. is formed in the same manner as the line-type 
tapered block 21a shown in Fig. 19 on a substrate 10 
having an ohmic electrode 11 and an electron source 
layer 1 2 sequentially fomned thereon. An insulating layer 
13 is then formed by sputtering. In this sputtering proc- 
ess, the surface of the electron source layer 12 on the 
substrate 1 0 is so disposed to have a tilt relative to the 
flowing direction of the sputtered insulating material, so 
that the resultant insulating layer 13 would have, on one 
side of the masking wall 20a, a portion in which a smaller 
amount of insulating material is deposited, or a portion 
in which the thickness of the Insulating layer is gradually 
reduced toward the masking wall 20a. Then in the next 
process, the surface of the insulating layer 13 on the 
substrate 10 is so disposed to have a tilt relative to the 
flowing direction of a sputtered metal thin film electrode 
material, so that the resultant metal thin film electrode 
15 would have, on one side of the masking wall 20a, a 
portion in which a smaller amount of the metal thin film 
electrode material is deposited, or a portion in which the 
thickness of the metal thin film electrode is gradually re- 



duced. 

[0138] As indicated in Fig. 28, in these "tilted" sputter- 
ing processes of the insulating layer and metal thin film 
electrode, when angles of the substrate 10 in a sputter- 

5 ing apparatus are selected so as to allow the incidence 
angle 6' of the flow of the sputtered metal thin film elec- 
trode material to be larger than the incidence angle e of 
the flow of the sputtered insulating material, the result- 
ant island region 1 4 would then have a structure in which 

*o the metal thin film electrode 1 5 terminates at an edge A 
located on the insulating layer 13. The insulating layer 
13 within the island region 14 terminates at an edge B 
located on the electron source layer 12. 
[0139] Thereafter, over the exposed portions of the 

15 masking wall 20a and insulating layer 1 3, and over the 
metal thin film electrode 15, a cartDon region 40 made 
of carbon or a carbon compound is formed by sputtering 
a carbon or carbon compound material in the similar 
manner as the above processes, thereby completing an 
20 electron-emitting device as shown in Fig. 29. The mask- 
ing wall 20a and the deposits thereon may be eliminated 
through etching etc. to fonm the carbon region 40 over 
a structure in which the electron source layer 12 is ex- 
posed. 

25 [0140] In the above embodiment, the island region 
was explained as being formed as a recess, however, 
the island region may be fomned as a flat or convex 
structure in which the thicknesses of the insulating layer 
13 and the metal thin film electrode 15 are gradually re- 

30 duced. For example, as another embodiment, a flat or 
convex island region 14 in which the film thicknesses of 
the insulating layer 13 and the metal thin film electrode 
1 5 are gradually reduced toward a peak of a spiked por- 
tion 1 2a of the electron source layer 1 2 as shown in Fig. 

35 30. This flat or convex island region 14 is formed by tech- 
niques such as photolithography and etching etc. with 
the use of a dot-type or linear mask. The spiked portions 
12a of the electron source layer 12 may be fonned as 
ribs as shown in Fig. 30, or individual convex features 

40 distributed overthe surface as shown in Fig. 31 . In these 
cases also, the metal thin film electrode 15 temninates 
at the edge A located on the insulating layer 1 3, and the 
insulating layer 1 3 terminates at the edge B located on 
the electron source layer 12. It is also possible to fonn 

45 a device having a structure in which the electron source 
layer 12 is completely covered by laying the insulating 
layer 1 3 overthe peaks 1 2a of the electron source layer 
12. 

[0141] Thereafter, as shown in Fig. 32. a carbon re- 
50 gion 40 made of carbon or a carbon compound is fonned 
over the exposed portions of the insulating layer 1 3 and 
electron source layer 1 2 and the metal thin film electrode 
1 5 in the same manner as the prior embodiments, there- 
by completing an electron -emitting device. 

55 
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{Display Apparatus Using The Electron-Emitting 
Devices) 

[0142] Fig. 33 shows a flat panel display apparatus 
using the electron-ennitting devices according to an em- 
bodiment of the present invention. Fig. 34 shows a par- 
tial cross-sectional view of the flat panel display appa- 
ratus. 

[0143] On the interior surface (on the side of a vacu- 
umed space 4) of a backside substrate 1 0, a plurality of 
ohmic electrodes 11 extending in parallel to each other 
are formed. Every 3 ohmic electrodes 11 are grouped 
as one set, corresponding to red, green and blue color 
signals R, G and B so as to allow the apparatus to func- 
tion as a color display panel, so that a specific signal is 
applied to each of them. A plurality of electron-emitting 
devices S are arranged along a common ohmic elec- 
trode 11 . A plurality of bus lines 16 extend in parallel to 
each other, each of them being formed on the portions 
of the carbon regions 40 provided on metal thin film elec- 
trodes 15 of adjoining devices for providing electrical 
connections, and is vertically extended to ohmic elec- 
trodes 11 . An intersection of a bus electrode 16 and an 
ohmic electrode 11 corresponds to an electron-emitting 
device S. Accordingly, either the simple matrix method 
of active matrix method is applicable as the driving 
method of the display apparatus of the invention. 
[01 44] An electron-emitting device S, as shown in Fig. 
34, comprises an electron source layer 12, an insulating 
layer 13, a metal thin film electrode 15 and a carbon re- 
gion 40 covering island regions, that are sequentially 
formed on the ohmic electrode 11. The carbon region 
40 may face to the interior vacuumed space as shown 
in Fig. 1 . The device has a plurality of island regions 
homogeneously distributed, in which the film thickness- 
es are is gradually reduced in the same direction as the 
interface with the carbon region 40 such as those shown 
in Figs. 10-18,21, 24, 29 and 32. In Figs. 33 and 34, the 
indication of the plurality of island regions as recesses 
are omitted, however, it is assumed herein that a plural- 
ity of island regions have been provided homogeneous- 
ly in the insulating layer 13 and the metal thin film elec- 
trode 15. 

[0145] It should be noted that insulating supporting 
members 17 are provided, encompassing individual 
electron-emitting devices S to segregate them into a plu- 
rality of electron-emitting regions. The insulating sup- 
porting members 1 7 support the bus electrodes 1 6, and 
prevent them from being broken. That is, the supporting 
members 17 should be formed beforehand with a ma- 
terial having a high insulation perfomriance or electric 
resistance on the periphery sections outside the areas 
where the electron-emitting devices S are to be formed. 
These supporting members 17 should be formed in a 
thickness approximately equal to the final thickness of 
the electron-emitting devices that are formed in the sub- 
sequent processes. 

[0146] In this embodiment, partition walls RR on the 



backside substrate are fomned on the insulating sup- 
porting members 1 7, so as to project out from the back- 
side substrate 10 into the vacuumed space 4. The par- 
tition walls RR are disposed at a given interval. In Fig. 

5 33, one partition wall RR is formed for every column of 
the electron-emitting devices S at a location between 
two adjacent columns, however, it may be fonmed inter- 
mittently by leaving only a part of its top area including 
the portions for abutting against a second partition wall 

10 FR formed on the front substrate 1 . 

[0147] Furthemiore, it is preferred that the top surface 
area of this partition wall RR is formed larger than the 
bottom surface area, in other words, it is preferred to 
fomn the partition wall RR so as to include overhangs in 

15 Its top portion, projecting in a direction substantially par- 
allel to the backside substrate. 
[0148] The bus electrodes 16 provided on the metal 
thin film electrodes 15 on the backside substrate 10 is 
illustrated as having a simple linear shape in Fig. 33, 

20 however, the bus electrodes 1 6 is preferably formed, in- 
stead of in the simple linear shape, in a shape having 
wider sections on the areas between the metal thin film 
electrodes 15 of electron-emitting devices and narrower 
sections on the metal thin film electrodes 15, in other 

25 words, a larger width over the areas between electron- 
emitting devices and a smaller width over the devices. 
In this way, the resistivity of the bus electrodes may be 
reduced. 

[0149] As for the materials of the ohmic electrode 11 , 

30 a material typically used in IC wiring, such as Au, Pt, Al, 
W or the like may be used, but a 3-layer structure of 
chrome-nickel-chrome, an alloy of Al and Nd, an alloy 
of Al and Mo or an alloy of Ti and N may also be used 
as well. Its thickness should be uniform to be able to 

35 supply substantially the same amount of current. Al- 
though it is not particularly indicated in Fig. 33, an insu- 
lating layer made of an insulator such as SiO^, SiN^, 
AI2O3, AIN or the like may be provided between the 
backside substrate 1 0 and the ohmic electrodes 1 1 . The 

40 insulating layer serves to prevent the adverse effect 
from the backside glass substrate 1 0 (elution of impuri- 
ties to alkaline components etc. or unevenness in the 
substrate surface) over the devices. 
[0150] The material of the metal thin film electrode 1 5 

45 is preferably one having a small work function <^ in light 
of the principle of the electron emission. To maximize 
the electron emission efficiency, the material of the met- 
al thin film electrode 15 is preferably selected from the 
group I and II metals, for example, Cs, Rb, Li, Sr, Mg, 

50 Ba and Ca etc., or an alloy thereof. Furthennore, a 
chemically stable metal having high electroconductivity 
is also preferable as the material of the metal thin film 
electrode 15. For example, Au, Pt, Lu, Ag or Cu, or an 
alloy thereof is desirable. These metals coated or doped 

55 with any of the above metal explained as having a small 
work function are similarly effective. 
[0151] As for the material of the bus electrode 1 6, a 
material typically used for IC wiring, such as Au Pt. Al, 
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Cu orthe like may be used. A sufficient thickness should 
be selected for providing substantially the same amount 
of current to each of the devices, and the adequate thick- 
ness is between 0.1 p.m and 50|im. However, if the re- 
sistivity is tolerable, the material used for the metal thin 
film electrode may be used instead of the bus electrode. 
[0152] On the interior surface (surface facing the 
backside substrate 1 0) of the translucent front substrate 
1 , such as a transparent glass substrate, serving as a 
display screen, a transparent collector electrode 2 is 
fonned integrally, and a high voltage is applied thereto. 
When using black stripes or a back metal, it may be uti- 
lized as the collector electrode, so that In this case, the 
fonnation of ITO is un necessitated. 
[0153] Over the collector electrode 2, front ribs (sec- 
ond partition walls) FR are formed in plurality In parallel 
to the ohmic electrodes 1 1 . Over the collector electrode 
2 between the elongated front ribs, phosphor layers 3R, 
3G and 3B made of respective phosphors correspond- 
ing to R, G and B are respectively fonned so as to face 
to the vacuumed space 4. In this way, at the boundaries 
between each of the phosphor layers, the front ribs (sec- 
ond partition walls) FR for retaining a constant spacing 
(i.e. 1 mm) between the backside substrate and the front 
substrate are provided, thereby ensuring the segrega- 
tion of the phosphors on the front-side substrate that 
correspond to the three primary colors of light R, G and 
B respectively. 

[0154] As explained in the above, the flat panel dis- 
play apparatus using the electron-emitting devices ac- 
cording to the present Invention has the image display 
array comprising a plurality of light-emitting pixels, cor- 
responding to the electron -emitting devices, arranged 
in a matrix, each constituted as either a red R, green G 
or blue B light-emitting section. It is of course possible 
also to form a monochrome display panel by replacing 
the RGB light-emitting sections with monochrome light- 
emitting sections. 

[0155] According to still another embodiment of the 
present invention, as shown in Fig. 35, an electron-emit- 
ting light-emitting device 30 can be obtained. An elec- 
tron emitting device S as implemented in the electron- 
emitting light-emitting device 30, is constructed in a sim- 
ilar manner as the above embodiments, in which; an 
electron source layer 12 is formed on a glass device 
substrate 1 0 as the backside substrate having an ohmic 
electrode 11 formed thereon; a plurality of spherical par- 
ticles are sprayed, or a plurality of linear or column-like 
reverse-tapered blocks are formed thereon; an insulat- 
ing layer 13 and a metal thin film electrode 15 are de- 
posited thereon; the particles etc. are eliminated; and a 
carbon region 40 made of carbon or a carbon compound 
is fomried over the recessed island regions 14 and the 
metal thin film electrode 15. 

[0156] Over this carbon region 40 of the electron- 
emitting device according to the present embodiment, 
a phosphor layer 3 is directly formed, thereby complet- 
ing the electron-emitting light-emitting device. The 



phosphor layer 3 directly receives the electrons gener- 
ated from the island regions 14 of the electron-emitting 
device, and emits a visible light corresponding to the 
type of the phosphor. The electron-emitting light-emit- 

5 ting device 30 may be the one in which the particles 20 
(or reverse tapered blocks) are retained, and the carbon 
region 40 is applied over them as shown in Fig. 36. 
[01 57] The phosphor layer 3 may be f omned by a spin- 
coating method using a solution of phosphor for the 

10 emission of a desired color of light, however the appli- 
cation method is not limited. 

[01 58] It is also possible to provide over the phosphor 
layer, a translucent front surface substrate such as a 
glass substrate having a transparent collector electrode 

15 provided on its interior surface, mainly for the protection 
of the device. This would allow the collection of those 
electrons leaked from the electron-emitting light-emit- 
ting device. These opposing front and the backside sub- 
strates of this electron-emitting light-emitting device 

20 may be bonded via a transparent adhesive, with the sup- 
port of spacers etc. at their peripheries. 
[0159] According to the configuration of this alternate 
embodiment of the invention, since the device would 
have a phosphor layer directly provided on the metal thin 

25 film electrode or the carbon region of the electron -emit- 
ting device, the application of accelerating power is un- 
necessitated, the driving system of the apparatus may 
be simplified, and a vacuumed space is no longer re- 
quired, thus, a light-weight and ultra-thin flat panel dis- 

30 play apparatus may be obtained. Furthermore, since it 
would not require excessive spacers, the visibility may 
also be improved. 

35 Claims 

1. An electron-emitting device comprising: 

an electron source layer made of one of a met- 
40 al, a metal alloy and a semiconductor; 

an insulating layer fomned on said electron 
source layer, said insulating layer having at 
least one island region serving as an electron- 
emitting section in which film thickness of said 
45 insulating layer is gradually reduced; 

a carbon region made of one of cariaon and a 
carbon compound provided on at least one of 
top, bottom and inside of said island region; and 
a metal thin film electrode formed on said insu- 
50 lating layer, wherein electrons are emitted upon 

application of an electric field between said 
electron source layer and said metal thin film 
electrode. 

55 2. An electron-emitting device as claimed in claim 1 
wherein said metal thin film electrode and said car- 
bon region are deposited by one of a physical dep- 
osition method and a chemical deposition method. 
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3. An electron-emitting device as clainned in claim 1 
wherein said carbon region is a thin film deposited 
on one of said island region and said metal thin film 
electrode. 

4. An electron-emitting device as claimed in claim 1 
wherein said carbon region is a thin film deposited 
on said island region while a voltage is being ap- 
plied between said electron source layer and said 
metal thin film electrode. 

5. An electron -emitting device as claimed in claim 4 
wherein said applied voltage is supplied intemnit- 
tently according to a voltage application period in 
which the voltage rises and falls. 

6. An electron-emitting device as claimed in claim 1 
wherein said carbon region is distributed within said 
metal thin film electrode. 

7. An electron-emitting device as claimed in claim 1 
wherein said carbon region is a thin film deposited 
under said metal thin film electrode. 

8. An electron-emitting device as claimed in claim 1 
wherein said carbon region is a thin film deposited 
under said insulating layer. 

9. An electron-emitting device as claimed in claim 1 
wherein the thickness of said metal thin film is grad- 
ually reduced in conjunction with said insulating lay- 
er. 

10. An electron -emitting device as claimed In claim 1 
wherein the thickness of said carbon region is grad- 
ually reduced in conjunction with said insulating lay- 
er. 

11. An electron-emitting device as claimed in claim 1 
wherein said insulating layer is made of a dielectric 
material and has a thickness of at least 50 nm in 
areas other than said island region. 

12. An electron -emitting device as claimed in claim 1 
wherein said metal thin film electrode tenninates on 
said insulating layer within said island region. 

13. An electron-emitting device as claimed in claim 1 
wherein said insulating layer terminates on said 
electron source layer within said island region. 

14. An electron-emitting device as claimed in claim 1 
wherein said island region is a recess on a flat sur- 
face of said metal thin film electrode and said insu- 
lating layer. 

15. An electron-emitting device as claimed in claim 1 
further comprising a fine particle within said island 



region. 

16. An electron-emitting device as claimed in claim 1 
further comprising, within said island region, a re- 
5 verse-tapered block projecting in a direction normal 
to said substrate and at a top portion thereof, in- 
cludes an overhang projecting in a direction parallel 
to said substrate. 

10 17. A method for manufacturing an electron-emitting 
device comprising: 

an electron source layer fomnation process for 
fonming an electron source layer made of one 
15 of a metal, a metal alloy and a semiconductor 

on a substrate; 

a maskfonnation process for forming masks on 
said electron source layer, each of said masks 
providing a shade around an area in which the 

20 masks contact with said electron source layer; 

an insulating layer formation process for depos- 
iting an insulating layer over said electron 
source layer and said masks so as to provide 
said insulating layer as a thin film of an insula- 

25 tor, said insulating layer having island regions 

in which film thickness of said insulating layer 
is gradually reduced in the proximity of the con- 
tact areas of said masks; and 
a metal thin film electrode formation process for 

30 forming a metal thin film electrode over said in- 

sulating layer, thereby constituting said island 
regions as electron-emitting sections; 

said manufacturing method further comprising a 
35 process for providing a carbon region made of one 
of carbon and a carbon compound proximal to said 
island regions. 

1 8. A manufacturing method as claimed in claim 1 7 fur- 
40 ther comprising a mask elimination process for 

eliminating said masks immediately after said metal 
thin film electrode fonnation process, and said proc- 
ess for providing said carbon region is performed 
immediately after said mask elimination process, 
45 thereby fomning said carbon region as a thin film de- 
posited over said metal thin film electrode. 

19. A manufacturing method as claimed in claim 18 
wherein said process for providing said carbon re- 

50 gion is performed by depositing said carbon region 
as a thin film while applying a voltage between said 
electron source layer and said metal thin film elec- 
trode. 

55 20. A manufacturing method as claimed in claim 19 
wherein said applied voltage is supplied intemnit- 
tently according to a voltage application period in 
which the voltage rises and falls. 
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21 . A manufacturing method as claimed in claim 1 7 fur- 
ther comprising a mask elimination process for 
eliminating said masl<s immediately after said insu- 
lating layer formation process, and said process for 
providing said carbon region is performed during 
said metal thin film electrode formation process, 
thereby having said carbon region distributed within 
said metal thin film electrode. 

22. A manufacturing method as claimed in claim 17 
wherein said process for providing said carbon re- 
gion is performed immediately after said metal thin 
film electrode formation process, thereby forming 
said carbon region as a thin film deposited over said 
metal thin film electrode. 

23. A manufacturing method as claimed in claim 17 
wherein said process for providing said carbon re- 
gion is performed immediately before said metal 
thin film electrode formation process, thereby form- 
ing said carbon region as a thin film deposited under 
said metal thin film electrode. 

24. A manufacturing method as claimed in claim 17 
wherein said process for providing said carbon re- 
gion is perfomned immediately before said insulat- 
ing layer formation process, thereby fomiing said 
carbon region as a thin film deposited under said 
insulating layer. 

25. A manufacturing method as claimed in claim 22 fur- 
ther comprising a mask elimination process for 
eliminating said masks immediately aftersaid metal 
thin film electrode formation process, and said proc- 
ess for providing said carbon region is performed 
immediately after said mask elimination process, 
therebyforming said carbon region as a thin film de- 
posited over said metal thin film electrode. 

26. A manufacturing method as claimed in claim 17 
wherein a voltage is applied between said electron 
source layer and said metal thin film electrode im- 
mediately after at least one of said process for pro- 
viding said carbon region, said metal thin film elec- 
trode formation process, and said mask elimination 
process. 

27. A manufacturing method as claimed in claim 17 
wherein said masks are fine particles, and said 
mask f onmation process comprises a step of spray- 
ing said fine particles onto said electron source lay- 



28. A manufacturing method as claimed in claim 17 
wherein each of said masks is an electrically insu- 
lating reverse-tapered block which projects out- 
wardly in a direction normal to said substrate and 
has an overhang in a top portion thereof, projecting 



in a direction parallel to said substrate, and said 
mask formation process includes steps of: 

forming a reverse-tapered block material layer 
5 on said substrate; 

forming thereon a resist mask which allows at 
least a part of said electron source layer to be 
exposed through a photolithographic method; 
and 

^0 etching out said reverse-tapered block having 

said overhang by one of a dry etching method 
and a wet etching method. 

29. A manufacturing method as claimed in claim 17 
15 wherein said insulating layer, said metal thin film 
electrode and said carbon region are deposited by 
a physical deposition method or a chemical depo- 
sition method. 

20 30. A display apparatus comprising; 



a first substrate and a second substrate facing 
each other with a vacuum space therebetween ; 
a plurality of electron-emitting devices provided 
on said first substrate; 

a collector electrode provided on an interior 
surface of said second substrate; and 
a phosphor layer fonned on said collector elec- 
trode; wherein each of said electron-emitting 
devices comprises an electron source layer 
made of one of a metal, a metal alloy and a 
semiconductor fonned on an ohmic electrode, 
an insulating layer formed on said electron 
source layer and a metal thin film electrode 
fonned on said insulating layer, said insulating 
layer having at least one island region consti- 
tuting an electron -emitting section in which the 
film thickness of said insulating layer is gradu- 
ally reduced, and a carbon region made of one 
of carbon and a carbon compound is provided 
on at least one of a top, bottom and inside of 
said island region. 
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31 . A display apparatus as claimed in claim 30 wherein 
said insulating layer, said metal thin film electrode 
and said carbon region are deposited by one of a 
physical deposition method and a chemical deposi- 
tion method. 



so 32. A display apparatus as claimed in claim 30 wherein 
said carbon region is a thin film deposited on one 
of said island region and said metal thin film elec- 
trode. 

S5 33. A display apparatus as claimed in claim 30 wherein 
said carbon region is a thin film deposited on said 
island region while a voltage is being applied be- 
tween said electron source layer and said metal thin 
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film electrode. 

34. A display apparatus as claimed in claim 30 wherein 
said applied voltage is supplied Intermittently ac- 
cording to a voltage application period in which the 
voltage rises and falls. 

35. A display apparatus as claimed in claim 30 wherein 
said carbon region is distributed within said metal 
thin film electrode. 

36. A display apparatus as claimed In claim 30 wherein 
said carbon region is a thin film deposited under 
said metal thin film electrode. 

37. A display apparatus as claimed in claim 30 wherein 
said carbon region is a thin film deposited under 
said insulating layer. 

38. A display apparatus as claimed in claim 30 wherein 
the thickness of said metal thin film electrode is 
gradually reduced in conjunction with said insulat- 
ing layer. 

39. A display apparatus as claimed in claim 30 wherein 
the thickness of said carbon region is gradually re- 
duced in conduction with said insulating layer. 

40. A display apparatus as claimed in claim 30 wherein 
said insulating layer is made of a dielectric matenal 
and has a film thickness of at least 50 nm in areas 
other than said island region. 

41 . A display apparatus as claimed in claim 30 wherein 
said metal thin film electrode temnlnates on said in- 
sulating layer within said island region. 

42. A display apparatus as claimed in claim 30 wherein 
said insulating layer terminates on said electron 
source layer within said island region. 

43. A display apparatus as claimed in claim 30 wherein 
said island region is a recess on a flat surface of 
said metal thin film electrode and said insulating lay- 
er. 

44. A display apparatus as claimed in claim 30 further 
comprising a fine particle within said island region. 

45. A display apparatus as claimed In claim 30 further 
comprising, within said island region, a reverse-ta- 
pered block which projects outwardly in a direction 
normal to said substrate and has an overtiang in a 
top portion thereof, projecting in a direction parallel 
to said substrate. 

46. A display apparatus as claimed in claim 30 wherein 
bus lines are fonned over a plurality of said metal 



thin film electrodes, and said ohmic electrodes and 
said bus tines are electrodes, each having a shape 
of a strip, and arranged orthogonal to each other. 
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